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Abstract 
A var iable  t h a t  is capable of i n d i c a t i n g  one's cogni t ive 
and motor capaciteis has been t h e  dream of many research- 
e r s .  U n t i l  recently however, no researcher has seriously 
considered an  independent variable that i s  obvious among 
a l l  people regardless of race or culture.  T h i s  variable 
is eye color .  This paper is a review of t h e  experimental 
l i t e r a t u r e  i n  thia field and covers  many areas including 
sociabi l i ty ,  percept ion,  learning, a t h l e t i c  ab i l i t i e s ,  
and a few medical anomalies. Several a l t e rna t ive  hypoth- 
eses are also offered as reasons for the obtained corre- 
lations. These ideas include c u l t u r e ,  learning, and 
environment. Two other hypotheses are a l s o  presented to 
explain why eye co lo r  does play an impor tant  r o l e  in 
de t e rmin ing  one ' s response t o  environmental s t i m u l i .  
. These ideas include a genetic and phys io log ica l  basFs. It 
is  the hope of t h i s  au thor  that  t h i s  review may stimulate 
o t h e r  researchers t o  perform more experiments in the area 
t o  help  determine t h e  amount of i n f l u e n c e  t h a t  t h e  eye 
color has in individual responses t o  t h e  environment. 
iii ' 
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I n t r o d u c t i o n  
Name, addrese, sex, race, and eye color. These 
questions appear on many applications t ha t  we fill out  
either for jobs or when we t r y  t o  obtain c r e d i t  a t  a 
local store. They are needed to help identify the appli- 
cant. However, recent research indicates  t h a t  one ques- 
t i o n ,  eye oolor,  mag he lp  i d e n t i f y  the way a person 
re la tes  to hlmself and to his environment. 
- 
Can differential eye color make a significant d i f  - 
ference i n  one's reaction t o  t h e  external env i ronmen ta l  
stirnull  that are  enountered in everyday a c t i v i t i e s  is 
the question that t h i s  paper is addressing. Should this 
hypotheses be aupporked it would mean changes in b o t h  
teaching and oounseling techniques. It would a l s o  mean 
more indiv idual ized  t r a i n i n g  in sport activities empha- 
sizing one's par t icular  a t h l e t i c  a b i l i t y .  We will begin  
by br ie f ly  reviewing the anatomical p a r t s  of the eye and 
t he i r  func t ions ,  A review of some s e l e c t e d  research will 
follow attempting to connect d i f f e r e n t i a l  eye co lo r  to 
di f fe ren t ia l  responses to environmental s t i m u l i .  
Sec t ion  I 
The Activity of t h e  Eye 
Wany people have compared the eye to a camera and 
t h e  parts of t h e  eye to the p a r t s  of a camera. Kagan 
2 
and Bavemann (1972) have stated t h a t  the retina is l i k e  
the f i l m  in the camera; t h e  cornea and lens are l i k e  the 
lens; the e y e l i d s  could be compared t o  the s h u t t e r  of t h e  
camera; the pugFl would be the aperture;  the iris or the 
colored part of the eye is l i k e  t h e  diaphragm; and the 
melanin is l i k e  t h e  black coating on t h e  inside of t h e  
camera designed to keep ou t  excess l i g h t .  
The amcunt of light that enters t h e  eye is con- 
trolled by t h e  c o n s t r i c t i o n  or  t h e  dilation of t h e  iris. 
The l i g h t  first passes t h rough  the pupil and is focused  
on t h e  r e t ina  by the lens. The pupi l  appears to be 
b l a c k  because t h e r e  i s  a layer of melanin behind the 
re t ina .  The retina a f t e r  receiving t h e  i n p u t  t hen  has 
the Job of proaessing and . t r an smi t t i ng  the stimuli to 
d i f f e r e n t  parts of the optic system. 
Melanin is j us t  one of the pigments t h a t  is found 
in both  animals and humans. It may d i f f e r  s l i g h t l y  i n  
color but is generally brown. A question t h a t  has often 
been asked is, if t h e  melanin in the eye is brown how 
could the eolor in the ir i s  appear - t o  be anything but  
I 
71 
brown? Boweve4~, %here i s  not .I)*..r j u s t  one layer of t h e  
* -- 
pigment in t h e  eye but rather several layers, and the 
"-- 
d i s e o t l y  related to how much t o t a l  
--- - 
pigment im&ayered, there ther a lot of 
.) -h 
it throughout a l l  t he  layers, it will appear to be b l a c k  
and serves as  a verg effective light s h i e l d .  The closer  
to t h e  surfaoe of the iris you get and the less pigment 
tha t  is contained, the l i gh te r  t h e  i r i s  appears to be. 
This is called the Qndall Scattering Phenomenon. 
Although there a r e  no d e f i n i t e  d i s t i n c t i o n s  between 
I. 
eye colors, therre are v a r a  degp.ees o_f_th_e same eye 
color .  For thie reason it is thought by some tha t  eye 
- I ---."- 
color  is t h e  result of a polygenic trait ( M O O ~ ~ ,  1967). 
- YCl)llyWnLQI*---*w-w- 
This means that  there are many genes responsibile for 
- - 
the color o f  one's eyes. 
e 
The eye contains many d i f f e r e n t  types of receptors 
and some of' those receptors are more sensitive to l i g h t  
than others. Far example, there are cel ls  in the eye 
t h a t  are referred to as cones. These cells allow us to 
perceive t h e  d i f f e r e n t  colors in t h e  visual spectrum. 
Other cel ls ,  t h e  rods, enable us to see shades of black ,  
gray, or white  in very d i m  light such as is found in t h e  
evening ( ~ a g a n  & Havemann, 1972). Pigmentation serves 
mainly as a l i g h t  s h i e l d  and helps to lessen the amount 
of light that is able to enter t h e  eye through t h e  p u p i l .  
If the iris co lo r  is very dark less light is allowed i n t o  
the eye. Likewise if the ir is  color  is very l i g h t  then 
more l i g h t  is permitted into the eye which f a c i l i t a t e s  
better v is ion  in the dark. 
A person who is an albino lacks melanin. These 
ind iv iduals  seem t o  be def i c ien t  i n  t h e  enzyme t y ro -  
sinase which i s  needed by the body for the synthesis 
of melanin. Albinism may affect a person t o t a l l y  (make 
the hair, skin and eyes l i g h t )  or  cutaneous (which just 
affects  the skh) or it may be restr ic ted to the ocular 
system. If ft a f f e c t s  t h e  eyes then they appear to be 
pink because there is very l i t t l e  melanin i n  t h e  i r i s  
o r  behind t h e  r e t ina  and the closest pigment to the 
surface i s  that of red which is i n  t h e  blood from 
capillaries close to t h e  surface of t h e  eye i t s e l f  
(~oodg,  1967). 
Sect ion I1 
Eye_ Color and Ath l e t i c  A b i l i t y  
The t o p i c  of behavior and eye c o l o r  has no t  generated 
any research journal8 and few major book publ icat ions .  
However, there have been a f e w  researchers who have 
performed experiments in t h i s  area. Among the most 
highly  noted researchers is Dr. Morgan Worthy of Georgia 
State Universi ty in Atlanta, Georgia. He has c o n t r i b u t e d  
extensively t a  the area because of .the d i f f e r e n t  a b i l i t i e s  
displayed by both black and whi te  athletes.  He l a te r  
expanded his research efforts in order  to find out if 
a th l e t i c  difference existed between players of t h e  same 
race but who had d i f f e r i n g  eye color .  In 1971, Wo-thy 
presented a paper t o  the  Southeastern Psychological 
Association suggesting that there is: 
a genetic in te rpre ta t ion  of the observed r a c i a l  
diPPesencre8 in the self-paced versus react ive  
performance since similar differences are  also 
observed between light -eyed and. dar  k-eyed 
whites such that t h e  light-eyed perform better 
b 
than the dark-eyed on self-paced tasks  but 
the reactive tasks 
Four important terms used by Worthy need t o  be 
c lar i f ied .  "Self-paced" tasks are t h o s e  over which t h e  . 
individual has a certain amount of control, i.e., he can 
perform them when he feels l i k e  he can d o  h i s  best. Ori 
the o the r  hand, a "reactive task"  requires someone who 
can respond quickly  to the a c t i o n  of o the r s  in a s p l i t  
second. In these activities the i n d i v i d u a l  has little 
c o n t r o l  over when he responds, he just responds to 
changes in the s t imulus  s i t u a t i o n  when t hose  changes 
occur  orth thy^ 1974). 
Light eye c o l o r s  are those colors that are li$ht 
- 
brown, green, blue, or hazel while dark eye co lo r s  are  
4 
ei ther  Bark b r m  ar black  (worthy, 1975). 
-n- 2 
Athletic behaviors may be eas i ly  c l e s s i f i ed  i n t o  
being either self -pc?ced o r  reactive. Golf, bowling and 
pitching ei ther  a s o f t b a l l  or basebal l  are- a l l  self-paced 
tasks while boxing, batting e i ther  a so f tba l l  or base- 
ball ,  tackle f o o t b a l l  t earn 
are  all reactive. One, may a l s o  find aspects of bo th  
behaviors in one sgar t  such as in f o o t b a l l  while the 
tackle position 3.8 apparently reactive, t h e  quarterback 
has a self-paced pos i t ion  because he is able  to delay 
his response (throwing the f o o t b a l l )  u n t i l  one of the 
runners i s  olear of interference (worthy, 1975). 
The first research tha t  was done by Worthy involved 
an investigation of differences that he had observed 
between athletes  i n  self -paced and react ive  skills. 
Worthy and Markle (1970) obtained information on the 
baseball players i n  bo th  t h e  Nat iona l  and the American 
Leagues. They used only those a th le tes  who were , 
American born. Their $ample consis ted of 411 players who 
were listed on t h e  playing ros ter  a t  t h e  beginning of t h e  
1969 season. They had hypothesized t h a t  there would be 
propor t iona te ly  fewer black p i t che r s  t han  b l ack  non- 
p i t che r s .  They found t h a t  while 24s of the non-pi tchers  
were black only  7s of t h e  p i t chers  were b l a c k  (worthy & 
Markle, 1970). This difference was s ign i f i can t  
(x2 = 19.305, df = 2# ~C.001). In the same study they 
obtained the data from the 1967-1968 National  Basketball  
Association. They determined the race of the players 
based on team pic tures  and only used t hose  a t h l e t e s  who 
7 
had played at leest 1000 minutes. It was hypothesized 
that the white players would have a signif ioant ly higher  
percentage of f ree  throw attempts than the black players. 
There were 53 blackeplayers and 45 white players. The 
white players were found to have a higher f r e e  throw 
scores minus'field goal scores t h a n  blacks .  The means 
for the two gpcmplrr were 30.884 and 26.377. This d i f f e r -  
ence was slgp5,ficant (t - = 2.544, d f  = 96, p4.02) .  The 
- - 
players were a l s o  matched on height  i n  o rde r  t o  control 
f o r  t h a t  dimension and in the matched t - t e s t ,  37 p a i r s  
- 
of players were compared. The whites were a l s o  
found'to have h i g h e r  difference scores t h a n  blacks 
( t  - = 2.994, - d f  = 36, pc.01). Another study was attempted 
using college b a s k e t b a l l  players.  The researchers hoped 
t h a t  they would be ab le  to r ep l i ca t e  previous f i n d i n g s  
and were also interested in trying to find out if the 
f a c t o r s  of fa ther  absence and socio-economic c la s s  had 
any effect  on measured performance. Worthy and Markle 
(1970) s e n t  out questionnaires t o  coaches who were 
members of the National Collegiate Athletic Assoc ia t ion .  
They received 73 responses which resul ted in a sample 
of 302 players. There were 229 white players and 73 
b l a c k  players, Players r e p o r t i n g  father-absence did n o t  
perform as well as t h e  father-present group in free throw 
performance, al though t h i s  difference was not  
statistically significant (6M versus 658; rrC z = 1.741, 
E<. 10). The two groups did not  d i f f e r  on f i e l d  goals 
percentages (45s vepaus 44s; - 2~1). Social  class was 
determined by the  amount of education tha t  the father 
had. There did  appear to be any significant 
differences a# a Puacrtion of social  class, and there 
were no conststent t r e n d s  in t h i s  study. The prev ious  
f ind ings ,  in t h e  ear l ie r  Worthy and Markle s t u d y ,  were 
substantiated in t h e  f ree - th row performance b u t  not  on 
t h e  field goals. 
Worthy next repor ted  f indings  that indicated t h a t  
the observed differences between blacks and whi tes  in 
1 
a t h l e t i c  a b i l i t i e s  cou ld  also be found in dark- and 
light-eyed whites. Thi s  difference he f e l t  could be 
cont r ibu ted  to genetic factors. To test for this 
difference Worthy (1971) s t u d i e d  f o u r  p r o f e s s i o n a l  s p o r t  
a c t i v i t i e s :  footba l l ,  basebal l ,  basketball ,  and 
bowling.  He procured an independent rater to determine 
the eye color  of those i n d i v i d u a l s  whose records of 
performance could be obtained.  This rater had no know- 
ledge of the experiment tha t  was to be executed. O n l y '  
black and' whi te  pictures were used to judge e i the r  the 
lightness or darkness of t h e  eyes and then at a la ter  
date another rater was obtainea to de te rmine  in te r  judge 
r e l i ab i l i t y .  Those coefficients  ob ta ined  were as fo l lows:  
9 
footbal l ,  +.75; baseb&lZ, e.86; basketba l l ,  +.88; and, 
bowling, +. 91 ( ~ w t h y ,  1971). 
The hypothesis f o r  the s p o r t  of football was t h a t  
" the  average eye darkness by p o s i t i o n  would increase as 
a function of the re la t ive  reactiveness of t h e  position 
p layed"  (~ortm,  1971). The only r e s t r i c t i o n  placed on 
the part ic ipat ing sample was t h a t  the players had to 
have played a rninimurn of five years. This resul ted in 
a sample consisting of 105 black players and 190 white 
players. The correlation was based on observa t ion  on 
whether the average eye darkness of the white a th le tes  
in a particular poait ion was postivelg related to the  
number of blacks that also played the same p o s i t i o n .  
The results were rank ordered and the corre la t ion 
coefficient  obtained was +.96 ( 0  This c o r r e l a t i o n  
suggests t h a t  dark eye color  f o r  white a th le t e s  in t h i s  
study was post ively related t o  t h e  p r o b a b i l i t y  of that 
individual playing a similar p o s i t i o n  as a black a t h l e t e ,  
and that this p o s i t i o n  would have been c lass i f ied as a 
"reactive" one. 
Eye color was then related to the performance 
measures in the o the r  three sports. I n  baseball,  t h e  
won-lost  percentages was one of the variables t h a t  was 
measured. Here it was found that the l ight-eyed 
pitchers had better performance r e c o r d s  than the 
dark-eyed pi tchers  (t - = I 2.68, - d f  = 52, p . 0 1 ) .  In 
basketbal l  it was found tha t  although there were no 
differences in shooting f i e l d  goals, there was a signif- 
i c a n t  difference i n  shooting free throws, thus,  the 
light-eyed players clearly performed better than t h e  
dark-eyed plager~l (t - = 2.83, dP = 51, ~ ~ ~ 0 1 ) .  In t h i s  
study only those players that had a t  l eas t  50 free throw 
attempte we~e  inc luded ,  and the player I s  height was 
cont ro l led  through c o v a r i a t i o n  procedure. In the sport 
of bowling, the amount of money tha t  had been made in 
one season was considered t o  be  t h e  performance measure, 
and only those bowlers who had been professional bowlers 
for a t  l e a s t  f i v e  years were evaluated. . It was found 
t h a t  light-eyed bowlers had won more money than dark-  
eyed bowlers (t - = 2.29, - d f = 53, ~ 4 . 0 5 ) .  
The resul ts  of the above study demonstrated tha t  
the l i g h t  -eyed ath le tes  had d one significantly be t t e r  on 
t h e  self-paced a c t i v i t i e s  than  on the react ive  ones. In 
the baseball s t u d y  eye c o l o r  predicted the success that 
a p i t c h e r  would have but it d i d  not  correlate w i t h  the 
b a t t i n g  success, Basketball results close ly  replicated 
those found earlier in that t he  light-eyed players 
performed better when shooting f ree  throws than the 
dark-eyed players but no differences were found in 
shoot ing field goals. Of t h e  a th le tes  who had chosen 
bowling as t h e i r  prof eesion, those having l ighter  eye 
colors had won more money d u r i n g  the bowling season. 
In a papeF presentation a t  t h e  Midwestern Psycho- 
logical  Assoofation Convention in 1974, Morgan Worthy 
presented h i s  findings in t h e  f i e l d  of major league 
baseball and eye c o l o ~ .  His hypothesis for this study 
was that  dark-eyed players would perform better as 
hi t ters ,  and t h a t  light-eyed players would perform better  
as pitchers. Eye color informat ion for all t h e  players 
on 3.3 of the 24 major league baseball  teams was obtained 
and classified as either dark or light. The performance 
records for the 1973 season were obtained from Spor t ing  
News  and those players who had played enough to be 
-
considered by Sperm - News  for league honors were 
included in the study. To be considered for league 
honors the pitchers must have pitched at least  162 
innings, non-pitchers had to bat at least  450 times. 
This r e s u l t e d  in a sample of 65 major league h i t t e r s  and 
48 major league pitchers .  The non-pitchers were rated 
on t h e i r  batting averages while the p i t c h e r s  were rated 
on t h e i r  won-lost r eco rds .  
The f i n d i n g s  were broken down in two d i f f e r e n t  ways. 
F i r s t  the ove ra l l  results of the pitchers inc lud ing  
blaok, white ,  and foreign born showed t h a t  the light- 
eyed pitchers had a higher won-lost percentage (56 .s )  
than the average won-lost record for dark-eyed pi tchers  
v (48.1s). TNs was S at is%ical ly significant' (33 - = 16.578, 
d f  = 1,109, 24.001). The sample was then broken down to 
-
i n c l u d e  only American born whites. The resul ts  were the 
same: light-eyed pitchers had a won-lost percentage of 
5776 while t h e  dark-eyed pi tchers  had 47.8s f o r  t h e i r  
average. (F = 10.501, - d f  = 1,109, ~4.01). 
The dark-eyed h i t t e r s  had higher batting averages 
t h a n  those h i t t e r s  with l i g h t  eyes (F - = 5.515, - d f  = 1,109, 
24.05) . The mean b a t t i n g  average for dark-eyed players 
was .280 while t h e  light-eyed players had an average o f  
.262. In the American born white sample dark-eyed h i t t e r s  
s t i l l  had higher batting averages than  t h e  light-eyed 
hitters but the difference d i d  not prove to be signifi- 
cantly d i f f e r e n t  (F Umn = 2.456, af = 1,60, - p~.lQ). The 
batting averages were .278 f o r  the dark-eyed h i t t e r s  and 
.262 for t h e  light-eyed h i t t e r s .  These f i n d i n g s  lend 
s t rong  support to the o r i g i n a l  hypothesis t h a t  more dark-  
eyed players perform be t te r  as hi t ters  and light-eyed 
players perform better  as p i t c h e r s .  
Summars and Conclusion 
To recapitulate the f i n d i n g s  in t h i s  sec t ion ,  it 
appears tha t  there is  a d i f f e r e n c e  i n  the athletic 
a b i l i t i e s  between blacks  and whites which are system- 
at ica l ly  related t o  darkness or  lightness of eye colar 
(worthy & Markle, 1969). Furthermore these dif r e r e n t  
I 
a b i l i t i e s  may also  be found between l i g h t -  and dark- 
eyed whites alone  orth thy, 1971). Although t h e  co lo r  
of eyes that one mag. have i s  obviously no t  a perfect 
predictor of the p s s i t i o n  one may play i n  p r o f e s s i o n a l  
sports act iv i t ies ,  it has been shown t o  be  a s i g n i f i c a n t  
contributor t o  t h e  variance involved in the type of 
pos i t ioh  played, and in t h e  qua l i t y  of performance a t  a 
given posi t ion (worthy, 1974). 
The results cited above cannot be  interpreted t o  
suggest tha t  eye color  is causative of one's a t h l e t i c  
performance. There is a need for more research to be 
done in t h i s  area, b o t h  to replicate the findings of 
these experimenters and to r u l e  out any confounding 
variables such as many of these experiments possess .  
One of the main problems of a l l  of these s t u d i e s  is t h a t  
they are co r r e l a t i ona l  in design. Although cor re la t iona l  
s t u d i e s  are designed to determine the degree of r e l a -  
t i o n s h i p  between two variables they d o  not  allow for a 
con t ro l  group and theref o r e  possess l i t t l e  power i n  
i d e n t i f y i n g  causal relationships among the variables 
s t u d i e d .  - 
While genetic factors,  i nc lud ing  eye c o l o r  may be 
responsible for some of t h e  variance i n  a t h l e t i c  perfor- 
mance, other factors i n c  l u d  in@; learning opportuni t iesJ  
ro le  expectations, and racial discrimination may account  
for the f ind ings  noted above (especially t h e  prepon- 
derance of whit2 play the more "prestigious" 
positions of pi tcher  and quarterback). However, these 
f a c t o r s  do not  easily account f o r  t h e  consistent 
significant relationships noted, within the all white 
samples, between eye c o l o r  and p o s i t i o n  played o r  
performance a t  a g iven  p o s i t i o n .  
S e c t i o n  111 
Nedical  Research Involved with Eye Color  
Dr. Gary while serving as a consulting psychologis t  
f o r  the Southeastern  Tennessee Educat ional  Cooperative 
was attempting to help i d e n t i f y  c h i l d r e n  w i t h  special  
learning needs,  The 14 school systems involved in the 
Cooperative were complying with t h e  state l e g i s l a t i o n  
mandating that children of all abilities were to be  
instructed w i t h i n  the s choo l  complex. Of t h e  approx- 
imately 43,000 students t h a t  were tes ted  from grades 
kindergarten through eight, 11,281 of those s t u d e n t s  
were i d e n t i f i e d  as "suspected of needing specia l  he lp i i  
( ~ a r g  & Glover, 19751 pp. 116). One of the var iables  
s t u d i e d  in t h i s  research was in the area of phys ica l  
d i s a b i l i t i e s ,  i n c l u d i n g  t h o s e  s t u d e n t s  who were 
exceptionally thin, obese, s h o r t ,  t a l l ,  or premature. 
Medical condit ions  t h a t  were examined i nc luded  cardio-  
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vascular - disease, endmz%rre, disorders, or simple nervous 
system disorders. It was found that t h e  l ight -eyed 
individuals appeared more susceptible to these medical 
and physical conditians than the dar k-eyed i n d i v i d u a l s  at 
a ratio of 30: 1, The Southeastern Tennessee Educat ional  
Cooperative included both rural and urban, black and 
white families i n  a wide socio-economic range. 
Some medical researchers have been at tempting to 
l i n k  eye color t o  the incidence of a u t i s m .  The e t i o l o -  
gical basis f o r  autism i s  unknown and it i s  a very rare 
syndrome. Rimland (1964) has repor ted  t h a t  he has seen 
c h i l d r e n  from all over the world  and less  than 1% of them 
could be  classified as  t r u l y  a u t i s t i c .  Autism may be 
defined as "a di s tor ted  self -centered form of t h i n k i n g  
t h a t  may be con t ro l l ed  by the thinker's needs or desires 
and bears little re la t ion to external r e a l i t y .  It is 
the type of thinking t h a t  takes place in dreams and in 
fantasiesv ( ~ i m l a n d ,  1964). Happy and Collins (19721, 
a f t e r  becoming interested i n  the etiology of autism made 
several assumptions before under taking t h e i r  research. 
F i r s t ,  they speculated that t h e  autistic ch i ld  was a t  t h e  
extr~mely introverted end of t h e  b e h a v i o r a l  continurn. 
Secondly, they hygothasized t h a t  introversion is 
l inked t o  t h e  physiology of the Ascending Reticular  
Act ivat ing System (ARAS). The ARAS i s  r e s p o n s i b l e  
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fm relaying sensory impulses t o  t h e  cerebral cortex and 
is part of the system respons ib le  f o r  maintaining wake- 
fulness and t h e  abi l i ty  t a  concentrate  on one a c t i v i t y  
 organ, 1965; Thaws, 1973). Using cor re la t iona l  
s t u d i e s  they found a s ta t i s t i ca l l y  significant over- 
representation of hypo-pigmented children (those with 
l i t t l e  melanin) and an under-representation of hyper- 
pigmented ohi ldren  (those with  more melanin) in a u t i s t i c  
chi ldren  (p~.05).. These researchers now f ee l  tha t  there  
is an existing l i n k  between melanin and a pos tu la ted  
defect i n  the noradrenergic pathways i n  t h e  M A S .  The 
M A S  uses t h e  noradrenal ine as a transmitter substance 
and tyrosine is a precursor of both the noradrenal ine  
and melanin (~homas, 1973). The conclusion drawn from 
t h i s  study by Happy and Col l ins  was that some ' ' l ight ly 
pigmented individuals seem to have an inher  it ed tend ency 
to autism and general predisposi t ion t o  introversion". 
Cancer is rated second only to heart disease in the 
number of lives it takes every year. Two researchers 
have tabulated some interesting s t a t i s t i c s  r e l a t i n g  to 
eye color and basal ce l l  carcinomas and malignant 
melanomas.. Using correla t ional  s t u d i e s ,  Bart and Schnal l  
(1973) tried to determine if there was a dif ference  in 
the eye color  of people who were more prone to basal cell 
carcinomas or malignant melanomas. The study took  place 
a t  the Hew York Unive~sity Medical Center. They found 
tha t  the people who have a light iris pigmentation seldom 
have so l id ly  pigmented black or d a r k  brown basal cell 
carcinomas. Eowever they were unable t o  find' such a 
d i s t i n c t i o n  with malignant melanomas. From this study, 
they concluded that a solidly pigmented black or dark 
brown malignant lesion in a patient that has blue, gray, 
or green gfes is more l i k e l y  to be a melanoma. They 
acknowledge that  t h i s  information may be important t o  
the  surgeon or dermatologist because t h e  treatment for 
the  two diseases are completely d i f f e r e n t ,  one demands 
radical aurgery while the other  one can be stopped w i t h  
spot surgery. 
Berg and Stern (cited by Worthy, 1975) found tha t  
ind iv idua l s  who have phenylketonuria (PKU) a l s o  had 
lighter eye color ,  a s  a group, t han  that of a c o n t r o l  
group or unaffected s i b l i n g s .  PK[J is a disease t h a t  can 
cause brain damage as a resul t  of the body's incapability 
to transform an amino acid i n t o  tyrosine. PKU is due 
to a recessive hereditary trait ( ~ o o d y ,  1967; Thomas, 
1 9 7 3 ) s  
The visual sense i s  considered t o  be one of our  most 
important senses. Through our v i s i o n  we are  able to 
react to our environment on the basis  of what we perceive. 
B l u r r e d  vision may force one t o  make inaccurate 
perceptions and therefore, inaccurate responses t o  the 
environment. Karginas (1960) was interested in t h e  
dimension of viaual aouitg and designed an experiment 
to f ind  out if thme were racial differences in acui ty.  
He gathered the ~eerulcs of eye t e s t s  of over a quarter 
of a m i l l i o n  American s o l d i e r s ,  bo th  black  and white. 
They were a l l  considered to have normal vision (20 /20) .  
Of this number he found tha t  wh i l e  82s of the b lack  
s o l d i e r s  had good uncorrected d i s t a n t  v i s i o n  only 6% 
of the white so ld i e r s  did. T h i s  led him t o  bel ieve  
t h a t  b l a c k  ind iv idua l s  (those wi th  d a r k  eyes) had better  
visual  acuity on the average than white i n d i v i d u a l s  (those 
w i t h  l i g h t  eyes). 
"Color blindness is a t r a i t  t h a t  is recessively 
i nhe r i t ed"  ( ~ o o d y ,  1967, pp. 206).  Because it is a 
recessive t r a i t ,  more men t h a n  women are c o l o r  b l i n d .  
Employing samples from several d i f f e r e n t  -cul tures ,  it 
was found tha t  8$ of the Northern Europeans and American 
whites were color  b l i n d ,  56 o f  the ~hinese/~apanese were 
color b l ind ,  and less t han  5$ of the American Blacks,  
Mexicans, and American Indians were c o l o r  b l i n d  ( ~ p e c t  or, 
1956). GeneralXy, t h e  Northern Europeans and American 
Whites are light -eyed wwhile American Blacks, Mexicans, 
and American Indians have darker eye c o l o r s .  
Research has a l s o  been conducted on the r e l a t i o n s h i p  
between eye co lor  and diabetes. There appears to be a 
r e l a t i o n s h i p  between eye color  and diabetes w i t h i n  a 
family. That is, if one parent  is a d iabe t i c  and has 
a diabet ic  - o f f s p ~ i n g ,  chances are tha t  if the o f f s p r i n g  
has any siblings tha t  have t h e  same eye c o l o r  he/she will 
be d i a b e t i c  also. The eye co lor  t h a t  i s  . l inked to 
diabetes within families is not  always t h e  same which 
gives impetus to t h e  thought  tha t  al though diabetes may 
be inher i t ed ,  there may be d i f f e r e n t  genetic l inkages  
( ~ a t e s ,  1946; Thomas, 1973). T h i s  also implies t h a t  
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genes for eye c o l o r  mag somehow be l inked w i t h  genes 
t h a t  are involved w i t h  diabetes ( ~ a t e s ,  1946). 
Children are born with  very little eye pigmentation 
but the t i m e  the ch i ld  reaches average six 
months of age t h e  eye co lo r  has obtained i t s  maximum 
darkness. Eowever, at m i d d l e  age this change in eye 
co lor  again occurs, this time the eyes appear to l i g h t e n .  
The change in co lo r ing  seems to be in f luenced  by changes 
the level the sex 
Summars and ConcZusions 
hormones 
In this s e c t i o n  s t u d i e s  dealing with  t h e  concept 
of eye c o l o r  and medical and physical d i s ab i l i t i e s  have 
been cited. It was found that  ch i l d r en  who lacked 
pigmentation were more prone to be diagnosed as a u t i s t i c  
than those  c h i l d r e n  who were more pigmented ( ~ a p p y  & 
Collins, 1972). It must be s t a t e d  here t h a t  t h e  
c h i l d r e n  t h a t  Happy and Collins observed had already 
been diagnosed as being a u t i s t i c .  According to Rimland 
(1964) t h i s  is a very rare syndrome and it cannot b e  
ascertained that  the children were diagnosed correctly. 
Bart and Schnall (1973) found that there i s  a 
difference in the types of cancer that one may have. 
There does not appear t o  be  a p reva len t  eye color i n  
those individuals with a malignant melanoma. However, 
indiv iduals  with l ighter  eye co lo r8  seem t o  b e  less 
prone to have a s o l i d l y  pigmented b l a c k  or d a r k  brown 
basal  c e l l  carcinoma. The researchers real ized that 
this distinction would be important because the treat- 
ment for the two cancers i s  e n t i r e l y  different. T h i s  
was a cor re la t ion  study i n  which no control group was 
used. 
Two medical problems, tha t  of PKU and diabetes,  have 
also been linked with eye c o l o r .  PKU i s  not only  reces- 
sively i n h e r i t e d  but it has been found t h a t  i n d i v i d u a l s  
w i t h  this disease are g e n e r a l l y  light-eyed (worthy, 1975). 
Diabetes, on t h e  o the r  hand, may a l s o  be  inherited b u t  
one eye color is not  cons i s t en t l y  associated w i t h  the 
disease  except in ind iv idua l  famil ies ( ~ a t e s ,  1946). 
Vision, one of our most important senses, is a l s o  
connected wi th  many anomalies. The absence of good 
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visual acuity prevents one from distinguishing small 
details in the environment. Acui ty  plays an important  
par t  in how one resparads t o  d i f f e r e n t  stimuli. It was 
indicated that dark-eyed ind iv idua l s  may have bet ter  
ove ra l l  acuity than light-eyed i n d i v i d u a l s  ( ~ a r p i n a s ,  
1960). Color blindness,  another problem area, is known 
to be more prevalent i n  males than i n  females due t o  an 
i n h e r i t e d  recessive t r a i t  but only recently has it been 
correlated with eye color. U t i l i z i n g  samples from 
various populat ions ,  it was found t h a t  c o l o r  b l i n d n e s s  
i s  less preva len t  among those popula t ions  where t h e  eyE 
color is dark (specter, 1956). The idea t h a t  eye c o l o r  
may not be consistent throughout  one's ent i re  l i f e  was 
presented by Snell (1967) when he observed t h a t  t h e  
color  of b a b i e s '  eyes would gradual ly darken u n t i l  they 
were approximately six months of age and then when the 
ind iv idua l s  reached midd le  age the eyes became lighter. 
Most of the above cited research employs correla-  
t i o n a l  techniques that make it impossible to have c o n t r o l  
groups. merefore, no causal s t a t emen t s  mag b e  advanced 
in these studies. One study, t h a t  of Specter (1956) d i d  
not  use any females although it is known tha t  females 
can be color  bl ind  ae well as males. The o t h e r  s t u d i e s  
used i n d i v i d u a l s  who had been diagnosed as having the 
specific cond i t ions  t h a t  were correlated. It may be 
poss ib le  t ha t  some of  those individuals  had been 
wrongly diagnosed such as  the  a u t i s t i c  ch i ldren .  Another 
problem could be experfmneer bias such as  i n  -the s t u d i e s  
done by Karpinas (1960) and Spector (1956). The 
researchers may have expected to obtain c e r t a i n  resul ts  
and biased t h e  data i n  t h e  favored way, 
In a study done by Bart  and Schnal l  (1973)~ indi- 
viduals with l i t t l e  pigmentation were less l i k e l y  t o  
develop diseases t h a t  required an excessive amount of 
pigmentation, The above statement appears t o  be l i t t l e  
more than a logical  statement. 
Several o f  the s t u d i e s  such as the ones by Happy 
and Col l ins  (1972), Berg and S t e r n  (cited by Worthy, 
1975), and Gates (1946) a l l  seem to have a prospect ive 
hypothesis i n  either a genetic or physiological e i t  ology . 
Although the  connection i s  not known at this time, it 
seems poss ib le  t h a t  eye co lo r  genetic linkages may a l s o  
have something to do with some medical d i s a b i l i t i e s .  
Sec t ion  TV 
Eye Color, 
learn in^, Percept ions and S-uscept ib i l i ty  to Illusions 
One -area t h a t  has always been of in te res t  to psycho- 
logists i s  t h e  area of individual differences and a b i l -  
i t i e s  in learning and perception. There have been many 
t e s t s  (i.e. I& and Pro jec t ive  t e s t s )  and devices  
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developed t h a t  psychologists had hoped would measure 
individual  d iff ereaces in le-ning capacities and 
perception. However, the obvious difference of the eye 
co lo r  has not been I P ~ ~ ~ , S U T ~ B  ~e,riot181y in any study u n t i l  
recently. Eye c o l o ~  18 an individual  difference that  
may, according t o  aame researchers, play an important  
part in t :%ail? one to learn and perceive. 
Are &? and soc ia l  class related to perceptual 
motor and @ ~ @ i t i v € ?  a b i l i t i e s ?  Jordan (1972) 
hypothesized that they could have an effect .  He obta ined 
80 white college s t u d e n t s  between the ages of 18 and 24 
who differed in sex, social  class, and eye darkness. 
There were 4 groups with 20 s tudents  i n  each group. The 
groups were d i v i d e d  i n t o  dark-eyed males, l ight-eyed 
males, dark-eyed females and light-eyed females. Jordan 
. 
used several standardized t e s t s  t h a t  measured perceptual 
motor and restructuring tasks,  t e s t s  t h a t  measured 
LJasure cogn i t ive  ability, and t e s t s  t h a t  he felt would m, 
reactive and self-paced tasks .  Examples of the t e s t s  
used were as fo l lows:  f o r  the perceptual m o t o r  tasks ,  
he used a l e t t e r  cancelling t e s t ,  d i g i t  symbol s u b t e s t  
of the Wesohler Adult Intelligence Scale (WAIS) and a 
color naming t e s t ;  f o r  the perceptual res t ruc tur ing  tasks,  
he used the object assembly subtes t  of the W A I S ,  Group 
Embedded Figures Test, and a mirror maze test. Cogni*t;ive 
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ab i l i t i e s  were measured by nnclus te red  and clustered word 
tasks. The uncluatered word task consisted of words tha t  
had no apparent relationship to each o the r  while the 
clustered words d i d  have an apparent  r e l a t i o n s h i p  such 
as  o b j e c t s  of dress, I n  measuring either self -paced o r  
reactive sUl3s dart throwing t e s t  was u t i l i z e d  
with dart boards set up a t  the end of the room with a 
light over each of the three boards. For the  reac t ive  
task, the  subjects were asked to throw the d a r t  at the 
board that was lighted. During t h e  self-paced task 
a l l  three of t h e  boards were l i gh ted  and the individual 
could throw the dart a t  the board of his choice. Jordan 
fai led to find any significant social class differences 
in cognitive abilities between dark-eyed or l i g h t  -eyed 
i nd iv idua l s .  The only conclusive evidence was found 
in t h e  area o f  perceptual motor skills where it appeared 
tha t  the females did bet ter  than the males regardless of 
eye color. Although it is stated that Jordan obtained 
subjects that d i f f e r e d  in soc ia l  class ,  it is no t  known 
how these subjects were selected and whether t h e  r a t i ng  
of eye color wag done by a rater or by self-report.  A 
con t ro l  groug, had it been used, would have been u s e f u l  
in eliminating confounding  variable^ and may have 
explained why no significant cor re l a t ions  were found . 
The proponents of behavior mod i f i ca t ion  principles ,  
believe tha t  as an indiv idual  observes "a model's 
behavior, he may l ea rn  a response wi thou t  actually 
performing it. This helps to learn new responses as 
w e l l  as a l t e r i n g  the f~equency of previously learned 
responsesw (~ralghead, ICazdin, & Mahoney, 1976, pp. 106). 
Gary and  glove^ (1975) developed an experiment to test 
t h e  effects of an audio model and t o  determine any 
d i f  f erencss between t h e  l i g h t  - and dar k-eyed i n d i v i d u a l s  
in learning a modeled response. S tuden t s  were asked t o  
descrlbe a p i c t u r e  of N e i l  Armstrong s tanding  on the 
moon. The number of t h e  adjectives that t h e  s t u d e n t s  
used in t h i s  d e s c r i p t i o n  was considered as  t h e  base- 
l i n e  data. A tape recording of someone else describing 
t h e  same p i c t u r e  was then  presented and the s t u d e n t s  
were asked to redescribe t h e  same picture.  The experi- 
menters used t h e  number of a d j e c t i v e s  as their dependent 
variable.  They found tha t  a f t e r  hearing the tape 
presentation, the dark-eyed i n d i v i d u a l s  used more 
ad jectives in w r i t i n g  t he i r  d e s c r i p t i o n s  than they had 
used in t h e i r  f i r s t  attempt. The subjects  were 19 
graduate students from Tennessee S t a t e  University. There 
were 6 students with light colored eyes and 13 s t u d e n t s  
w i th  dark  eyes: The students were seperated into two 
main groups, those with dark eyes and those with light 
eyes, and then i n t o  two sub-groups i n  each group, male 
and female. During the base-line measure the light- 
eyed group had on the average more d e s c r i p t i v e  adjectives 
than the dark-eyed group (7.3 vs. 7.0). However, a f ter  
t h e  presentation of the tape t h e  dark-eyed i n d i v i d u a l s  
had signifiaantly more adjectives on t h e  average than  
the light-qy'ed. w i v i d u a l s  (14.6 vs. 9.1). This yielded 
eject of €3- and Glover (1975) was to 
r -.-L. , " 
a m e ~  bgr or not there is a difference in both 
acquisition and ex t i no t i on  rates of a modeled behavior 
between the light - and dark-eyed i n d i v i d u a l s .  Twenty- 
three subjects were used and t h e  relevant behaviors of 
the subjects and experimenter were carefully monitored 
by six d i f f e r e n t  observers. The r e l i a b i l i t y  coefficients 
between the  observers and t h e  relevant behaviors ranged 
f rom .73 to .98. The resul ts  indicated t h a t  t h e  dark- 
eyed indiv iduals  were able to learn and unlearn  modeled 
behavior fas ter  than  the light -eyed f n d i v i d u a l s  (~cquisi- 
t i o n  Behavior: - ~4.05; Extinction Behavior: - pC.01)-.. 
T h i s  t en ta t ive ly  demonstrates t h a t  i n d i v i d u a l s  w i th  d a r k  
eye co lors  are  more responsive to external s t i m u l i  than 
a r e  light-eyed individuals.  
The speed w i t h  which one answers open questions in 
the classroom was the next question Gary and Glover 
(1975) attempted to answer. Thls experiment included a 
total of 2,894 fifth, sixth, and seventh grade chi ldren ,  
both male and female, in the Southeastern Tennessee 
Educational Coeperative , The experiment was designed so 
tha t  i n t e r n  teachers could record the data. The regular 
classroom teacher was aeked to teach on a new t o p i c .  
After the intern teaoher had noted the sex and eye c o l o r  
of each student, the teacher began questioning the 
student8 about the previously presented t o p i c .  The 
observer noted who the f i r s t  student was to respond and 
the correctness of the answer. 
The t a b u l a t i o n  of the r e su l t s  produced an unique 
feature. Although it had been hypothesized that  the 
dark-eyed female students would answer the most ques t ions  
wi th  the dark-eyed males running second and t h e  light- 
eyed females t h i r d  with- the light-eyed males last, the 
light-eyed males and females were much more responsive 
than the dark-eyed males or females (x* - = 57.26, 
~<.0001). 
The resul ts  obtained by Gary and Glover seemed to be 
the r e su l t  o f  learning.  The same experiment was performed 
on a much smaller scale at two church-operated nursery 
schoals. - This time when t h e  results were tabulated, t h e  
hypothesis was ver i f ied.  The dask-eyed females answered 
more questions with the light-eyed females b e i n g  second, 
dark-eyed males t h i r d ,  and t h e  light-eyed males answering 
significantly fewer questions than the other  three 
groups.  h he chi square was much smaller but it was 
s t i l l  significant). 
A f t e r  ,a  great deal o l  thought was given to the 
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matter, Gary BhWew advanced a few hypothesis as to 
why t h e  results had ease out the way they had. They 
noted that the aorrelation between raising one s hand in 
the classroom and being called on was very low, espe- 
c i a l l y  if there were a l o t  of c h i l d r e n  w i t h  t h e i r  hands 
raised. Secondly, d u e  t o  a lack of reinforcement, 
i n i t i a l  responsiveness may be extinguished. T h i r d ,  if 
the children had answered f i rs t  and had given the wrong 
answer when grades were pending, they may have had a 
devalued grade. 
Perception, may be de f ined ,  as t h e  *process af 
being aware of objects;  consciousness* (~homas, 1973, 
pp. 45). Markle (1972) became concerned as to whether 
the perception of co lors  was d i f f e r e n t  for t h e  light- 
eyed person than for t h e  dark-eyed person. The Rorschach 
pro tocol  numbers 1-3, 5 and 8-10 were adminis tered  t o  a 
group of college students .  The p r o t o c o l s  were scored by 
another i n d i v i d u a l  who was blind as to the reason of the 
experiment and used the Klopfer method of scoring. The 
w i t h i n  subjects measure when computed showed t h a t  the 
light-eyed group had an average of 2.72 f o ~ m  responsea 
and 1.04 color  respansea, The dark-eyed group averaged 
2.48 form respenaes an8 k,2l coxor responses. The 
i n t e r a c t i o n  found between eye co lo r  and response 
ind ica tes  that lighk-wed ind iv idua l s  respond more to 
form while the dark-eyed individuals respond more to 
color.  This fixlding was cons i s t en t  wi th  the idea t h a t  
Worthy had advsmce8 concerning one's percept ion of the 
visua l  speetrw (worthy, 1974). 
One of the first s t u d i e s  to be done concerning c o l o r  
versus f o ~ m  perception in light- and dark-eyed i n d i -  
viduals, involved s t u d e n t s  from u n i v e r s i t i e s  in b o t h  
Scotland and Africa. The prerequisite for the s t u d e n t s  
to participate in t h e  experiment was t h a t  they had to 
have taken a t  least one geography. class. The experiment 
cons is ted  of adminis te r ing  a map reading t e s t  tha t  had 
changes in contours indicated by changes in the shades 
of coloring.  It was found t h a t  t h e  Africans ( t h o s e  w i t h  
da rk  eyes) d i d  b e t t e r  on t h e  q u e s t i o n s  dea l i ng  w i th  
changes in the hues of' r e d  and yellow. However, the 
Scots d i d  equally well on both s e t s  of quest ions (those 
w i t h  both r e d  and yellow shadings and blue and violet 
shadings).. Although the Scots  d i d  better ,  they did no t  
do significantly better on the b l u e  and violet shadings 
( ~ a h o d a ,  1971). 
f f any significant f i n d i n g s  had occured concerning 
the ab i l i t y  to distinguish co lo r s  between dark-  and 
light -eyed individuals these resul ts  could  have proved 
significant in the elassroom setting. However, it seems 
t h a t  the co lo r  *he eeaching materials used in the 
classroom L i t t l e  d iFfer ence . 
Gary, being interested in f i n d i n g  ways to help 
enable studen2;s o f  all a b i l i t i e s  to develop to t h e i r  
f u l l e s t  potential, became involved in a study t h a t  was 
concern@ cn&bLth color  and form percept ion in c h i l d r e n  wi th  
learning d i s a b i l i t i e s  (c i ted  by Gary & Glover, 1975). 
The students who part icipated in the research were a l l  
from the Southeastern Tennessee Educat ional  Cooperative 
and were between the ages of 16 and 18. They had been 
diagnosed as havf ng either visual or visual-perceptual 
difficulties. There were a total of 36 s t u d e n t s  w i t h  18 
in t h e  group of dark-eyed ind iv idua l s  and 18 in the group 
of light -eyed indiv iduals .  Each group cons is ted  of nine 
males and nine females, Two experimental c o n d i t i o n s  were 
presented to each s t u d e n t  i n d i v i d u a l l y .  The task,  in 
condi t ion  one, was for the s t u d e n t s  to observe a series 
of seven slides, one a t  a t i m e ,  for a fixed l eng th  of 
time. At. t h e  end of each i n d i v i d u a l  s l i de  p r e s e n t a t i o n ,  
the s t u d e n t  was asked to select t h e  exact geometric form 
and color  tha t  they had j u s t  seen. The s l i d e s  were 
incseaefngly cmplicated in tha t  s l i d e  one only had one 
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shape and co lor  in it while s l i d e  two had two shapes and 
colors,  on up to s l i d e  seven which had seven d i f f e r e n t  
forms and colors .  The second experimental condi t ion  was 
essentially t h e  sane as the f i rs t  w i t h  the exception that 
the student was not required t o  a t t e n d  t o  t h e  slide for 
any p a r t i c u l  h of time. They could choose to end 
and proceed to t h e  next s t e p  of 
selecting t h e  appropriate r e p r o d u c t i o n s .  Once the data 
was analyzed, it was discovered t ha t  under both 
conditions, t h e  dark-eyed s t u d e n t s  had made more form 
than color e r r o r s  while the light-eyed s t u d e n t s  made 
more color than form e r r o r s .  These results were s i g n i -  
f i c an t  at the ~ 4 . 0 5  level. It was noted when t h e  dark- 
eyed s t u d e n t s  were able to determine how much time they 
wanted to spend observing the s l i d e ,  they used less 
viewing time and made fewer errors overall in their per- 
formance. The light-eyed students were more prone to use 
a l l  of t h e  time that they were given under b o t h  experi- 
mental condi t ions .  
It appears, from this experiment, that the da rk -  
eyed students are more receptive t o  t h e  external stimuli 
than are the light-eyed students .  This is cons i s t en t  
w i t h  Worthy's (1974) hypothesis that dark-eyed people are 
more reactive to the i r  environment. They can respond to 
the environmental changes quickly and s t i l l  be successful 
in obta ining the desired results. The l ight-eyed i n d i -  
viduals are  better  a t  obta in ing  the d e s i r e d  r esu l t s  when 
they are allowed t o  choose t h e  appropriate time for t h e i r  
response. 
An i l l u a i a n  may be anything tha t  has a misleading 
appearance, With this idea In mind, two experimenters 
were conaerned aF;Ltb the r e l a t i o n  between eye pigmentation 
and a personBs susceptibi l i ty to i l l u s i o n s  ( p o l l a c k  & 
Si lva r ,  1967). They obtained 35 ch i ld ren  and determined 
the amount of iris pigmentation by using an ophthal-  
moscope. Using t h e  Mueller-Lyer i l l u s i o n  under b l u e  
illumination9 the researchers asked the c h i l d r e n  to po in t  
out which o f  the middle  l ines  appeared longer  to them. 
The researchers were trying t o  reduce the intensity of 
the con tours  by using t h e  b l u e  l i g h t .  The results  
i n d i c a t e d  t h a t  t h e  more deeply pigmented the i r is ,  t h e  
less suscep t ib le  to the i l l u s i o n  t h e  c h i l d  appeared t o  
be (~4.05).  It was noted t h a t ,  the o l d e r  the c h i l d  is the 
less susceptible to the i l l u s i o n  he becomes. 
Berry (1971) t e s t e d  almost 500 c h i l d r e n  f rom 10 
seperate cul tures  for t h e i r  susceptibility to the 
Mueller-Lyer i l l u s i o n .  The chi ldren  had been ranked on 
Berry's es t imat ion  of s k i n  pigmentation as an "index of 
r e t i na l  pigmentation'' ( ~ e r r y ,  1971). He also found t h a t  
the more pigment t ha t  one has the less suscept ible  he is 
to the i l l u s i o n .  The awepage group rank for eye c o l o r  
was highly related t o  group rank on suscep t ib i l i t y  t o  
the illusion (~endall~s Tau = .82). Using ch i ld ren  from 
several cultures, he fe l t  t h a t  he cou ld  r u l e  out l ea rn ing  
as a factor  leading to t h e  accurate percept ion of the 
i l l u s i o n  @ins% a l l  of the c h i l d r e n  with  deeply pigmented 
eyes appeared less suscept ib l e  to the illusion. From 
the results he felt that pigmentation was t h e  best 
predictor of s u s c e p t i b i l i t y  t o  t h e  Mueller-Lyer i l l u s i o n .  
Summary and Conclusions 
The two s t u d i e s  cited above produced the same 
results. The darker the eye pigmentation t h e  less suscep- 
t i b l e  t h e  i l l u s i o n  the ind iv id  ua 1 
appeared to be, even though in both  s t u d i e s  the i l l u s i o n  
was presented in d i f f e r e n t  ways. Using Berry! s (1971) 
study it appears that suscept ib i l i ty  to the i l l u s i o n  is 
not due to an experiential causality. The study by 
Pol lack  and S i l v a r  (1967) d i d  no t  use a c o n t r o l  group 
' that viewed t he  i l l u s i o n  i n  regular lighting. It was 
explained that  the b l u e  illumination was used because t h e  
researehers f e l t  "it would maximize the difference be- 
tween light and dark pigmented subjects" ( p o l l a c k  & 
Si lvar ,  1967). Since the ch i l d r en  in Berry's study 
(1971) were judged on the author's estimation of s k i n  
pigmentation, it i s  possible tha t  there were some 
instances o f  inaccurate c las s i f i ca t ions .  
There d o  not appear to be any differences in cogni- 
t i v e  a b i l i t i e s  related t o  eye co lor  and social class .  
However, there d a  appear to be differences in percep- 
tual motup sH11a between male and fenale wi th  t h e  females 
scoring bett-er t han  the males ( ~ o r d a n ,  1972). 
The acquiait%on, extinction, and effectiveness of 
modeling war rugt&@~& by Gary and Glover (1975). It was 
Pound tha t  dark-eyed individuals learn f a s t e r  from a 
modeled behavior and t h a t  they were able to extinguish 
the learned response at a faster r a t e  than  light-eyed 
2nd iv iduals .  
An experiment was designed by Ctary and Glover 
(3975) to discover if t h e r e  were any differences in t h e  
r a t e  of response to open guest ions  i n  t h e  classroom 
between light- and dark-eyed ind iv idua l s .  In t h e  f i rs t  
experiment performed, t h e  hypothesis was no t  proven. 
However, in a follow-up study with a much smaller sample 
and younger ch i ld ren ,  t h e  hypothesis was proven that 
dark-eyed females answered t h e  most questions whi le  light - 
eyed males answered the least number of questions. 
The argument o v e ~  whether d i f f e r e n t i a l  eye co lo r  is 
related to better  perception, e i ther  in form or color ,  
was investigated by Mwkle (1972) and Jahoda (1971). 
Markle was interested more in the quality o f  perception 
(form or co lo r )  whtlle Jahoda was looking more i n t o  t h e  
perception o f  the visual spectrum. Marklo discovered 
t h a t  dark-eyed imfZviduals tendl-+to respond more to co lo r  
while light -eye8 iadidylduals -respond more to form. 
Jahoda f e l t  that  there must be some co lo r s  t h a t  light- 
eyed individuals  perceive bet ter  than dark-eyed i n d i v i -  
dua l s .  fn his experiment he found t ha t  the light-eyed 
person otade fewer errors  when the co lo r s  at t h e  s h o r t  
end of t h e  spectrum ( b l u e s  and violets) were .used. The 
dark-eyed person made fewer errors when the c o l o r s  a t  t h e  
long end of t he  spectrum (reds and yellows) were used. 
Gary (ci ted by Gary & Glover, 1975) experimented 
wi th  ch i l d r en  diagnosed as having specific l ea rn ing  
d i s a b i l i t i e s  (SLD). He was t rying to determine if the 
SLD c h i l d  perceived form and c o l o r s  in a . unique way. 
H i s  research indioated t h a t  t h e  dark-eyed s t u d e n t s  made 
more form than  color  errors while the l ight-eyed s t u d e n t s  
made more co lor  than form errors. This f i nd ing  was con- 
s is tent  with  the ear l ier  f i nd ings  o f  Markle (1972). 
None of the above ci ted research employed the use of 
c o n t r o l  groups tha t  would have helped eliminate contam- 
i n a t i n g  variables such as  learning and biasing. The 
randomness of subjeot s e l e c t i o n  in some of the s t u d i e s  
is also  in doubt as there are aertain specif ic  c r i t e r i a  
t h a t  had to be met before one cou ld  be selected for the 
s t u d i e s .  One question that is l e f t  unanswered in most 
of the research is what o the r  variable besides eye color  
could be t h e  answer to the correlatlona found. Many of 
these s t u d i e s  d i d  not offer alternative hypotheses. 
Replications of t h ~ s l e  s tud ies  may be s ign i f ican t  in 
t h e  area af classrwm. teaching. The s t u d i e s  deal ing with 
c o l o r  and; form p ~ e l e p t l o n  in the normal c h i l d r e n  and 
chi ldren with STJ) m y  be important in helping a s t u d e n t  
to deveb$&%p t& hlst Pull cogni t ive  p o t e n t i a l  especially if 
ane lorgi teaching material i s  more conducive t o  the 
c h i l d  s learning. 
Sect ion  V 
Eye Color and S o o f a b i l i t ~  
''Since man 3.8 a social being"(~al1 & Lindzey, 1970, 
pp. 156) and concerned about how others  see him, he will 
sometimes change his actions t o  be compatible w i t h  t h o s e  
of other  people. Karg (1972) was c u r i o u s  to find if t h e  
physical attractiveness of someone w i t h  an opposing view- 
p o i n t  would be i n f l u e n t i a l  in changing the opinion of an 
ind iv idual  of ,the opposite sex. Some male s t u d e n t s  a t  
Emory University served as subjec t s  whi le  several females 
served as-  co-experimenters. Existing a t t i t u d e s  were 
measured. The subjectts were then subjected to a person 
who had ei ther  similar or dissimilar at t i tudes .  A post  
meaaure af the specific a t t i t u d e  was taken a t  a l a t e r  
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time. It was serendigitously discovered t h a t  ind iv idua l s  
with dark eye colotr changed their a t t i t u d e s  more t han  
those  with l i g h t  eye color ( resul ts  not significant ) . 
In the cont ro l  group t he  light-eyed sub j ec t s  changed 
the i r  at t f tude ~pontaneously more o f t e n  than  those with 
dark eyes. 
In an expe~iment by Wry and Glover (1975), t h e  
Milton R,ak b scale was used with a group of 12th 
graders t o  determine the extent of authoritarianism. The 
author i tar ian scale was chosen because " the  a u t h o r i - '  
t a r i an  pe r sona l i t y  i s  the person who t e n d s  to be very 
religious, is l ike ly  to take extreme pos i t ions  on issues, 
and is very sensitive and responsive to a u t h o r i t y t 8  ( ~ a r y  
& Glover, 1975, pp. 98). These behaviors are much l i k e  
the behaviors exhkbitea by t h e  reactive ind iv idual ,  that 
is, they are highly responsive to external c o n t r o l .  The 
students were d i v i d e d  i n t o  f o u r  groups: dark-eyed males, 
l i g h t  -eyed males, dark-eyed females, and light -eyed 
females. When the results were tabulated, it was found 
t ha t  the dark-eyed males were the most a u t h o r i t a r i a n  
followed by the light-eyed males, l i g h t  -eyed females were 
third,  arxl' the dark-eyed females were the l e a s t  a u t h o r i -  
t a r i a n  of all. The l a s t  three groups all had s imilar  
results but the dark-eyed males were signif icant ly, .  d i f  - 
ferent from t h e  o ther  groups ( ~ 4 . 0 5 ) .  C 
A study reparted earlier in t h e  text by Happy and 
Collins (1972) indioated t ha t  light -eyed indiv iduals  
were more prone to Be in t rover ted  than dark-eyed ind i -  
viduals .  Thia 8tLldg was in connection with  the e t io logy  
of autism, 
Another atudy by mry and Glover (1975) consis ted 
of a q u e s t i o a m t ~ ~  prepared to gather some preliminary 
data on social fn t e r ac t ion  and eye color .  The i n t e r -  
vfewerca sma i p l~dua t e  students from Tennessee University 
and they aeopped every f i f t h  pedestrian on the s t ree t  to 
s o l i c i t  information. ' A t o t a l  of 246 persons responded: 
U 6  were classified as being dark-eyed and 110 were 
light -eyed. Eye color was d e t e ~ m l n d  by self  -report. 
One of the gueatiana, asked was "I: enjoy the company of 
o t h e r  people (a) alwags, (b) sometimes, (c) never. " The 
dark-eyed subJeats an~wered in the  following way: 130 
answered always, 5 sometimes, and 1 never. The light- 
eyed subjects ' answers were more evenly d i s t r i b u t e d  wi th  
14 answering always, 88 sometimes, and 8 never. A chi. 
square d i s t r i b u t i o n  was perfarmed and ind ica ted  a highly 
signifi~ant difference in the way t h a t  the scores were 
arranged ((x2 - = 171.04, ~4.001). 
Another one of the questians asked was "I enjoy 
parties (a)  always, (b) sometimes, ( c )  rarely". The 
dark-eyed subjects responded w i t h  63, 39, and 34 
respectively to the aategaries while t h e  light-eyed 
subjects responded 16, 41, and 53 respect ive ly .  A 
c h i  square analysis was again performed and t h i s  time 
y ie lded  a 28.35 ( E L . o ~ ) .  
Summary and Canelusions 
It ap 8 fk?om &be above cited study t h a t  dark- 
eyed indivlclualer and seek stimulation f rom o the r  
people while l i&t-e~ed individuals  d o  not  appear to 
need t h i s  s t imula t ion .  However, t h e  randomness of the 
selection process is in doubt .  
Only one study used a con t ro l  group ( ~ a r p ,  1972). 
It appears t h a t  all o,f the s t u d i e s  suggest t h a t  the 
dar k-eyed indirWrzals were mcxre rersponsive to t he i r  
external ttnvironse@@al atimli %ban the l ight-eyed 
ind iv idua l s  but no eeprse and effect statement can be 
forwarded. The sex oP an i n d i v i d u a l  is a l s o  i n d i c a t e d  
in one's reaction to s t i m u l i .  Males, regardless of eye 
color  a r e  more prone to be a u t h o r i t a r i a n  t h a n  females 
(Gary & Glover, 1975). 
Although there  were no a l t e r n a t i v e  hypotheses 
offered,  one lasly suggest; t h a t  o u l t u r e  influences behavior 
t o  a signifioant en*. This %dea was evidenced fn the . 
area of the autheritsr~iam istudzdg w h e ~ e  the  males appeared 
to be mare autbarL*ariaa %iian the females. Leasning is 
\ 
imp~;ar@t in how w e  -responds to stimuli t h a t  has been 
previously encountered, as an example, in t h e  Karp 
experiment males may have found it more sat isfactory to 
agree with an a64aadtive female in order  to " ge t  to 
know her" bett@r. 
Sect ion V I  
Polss lb le  Hypothesis 
There say be many reasons t ha t  the var iab le  of eye 
c o l o r  can be correlated with t h e  v a r i e t y  of behaviors  and 
meaical prsl~blems j us t  cited. This section . suggests some 
possd;blle explanatory hypotheses. 
No Cause Effect Rela t ionsh ip  
The cu l twe  in which one lives dic ta tes  an ent i re  
l i f e  s t y l e  from eating habits  to the type of occupation 
in which one may engage. C u l t u r a l  r o l e  expectations 
demand that  one ~espo~nd to external stimuli in a par t i c -  
u l a r  manner. Resgondiag frequently to the s t i m u l i  in 
the style  of culture ingra ins  the responses in one's 
pat te rns  of behavior. Soc ia l ly  accepted behavior is 
a by-product of learning t h e  norms of t h e  c u l t u r e  in 
which one l i v e s .  
C u l t u r a l  sole expectation may lead to diserimnatory 
practices -both in antpbap'@nt and in the upbringing of 
chi ldren .  Jonea and fl@~haon. (1973) , found t h a t  although 
several  bfaoks were signed to contracts in majo r  league 
baseball,  the  majority of the blacks  were signed to play 
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' in non-pitching posit ions.  Pitching is a pre s t i g ious  
position i n  baseball a s  i s  the quarterback in f o o t b a l l .  
In the history of t h e  United States, b l a c k s  have been 
denied many socially pre s t i g ious  positions and a l s o  job 
o p p o r t u n i t i e s  because they were black.  On the o the r  hand, 
according t o  Wortby, p i tching  is a self-paced behavior. 
It was faun4 th)iiit the blacks  i n  this study had a very low 
tolerance far t h e  delay of g r a t i f i c a t i o n  (~ischel, 1958) 
and it is t h i s  ability to delay t h a t  g r a t i f i c a t i o n  t h a t  
is needed f o r  a self-paced behavior .  
Different behavior  pa t te rns  are  t augh t  to boys and 
girls. It is apparent tha t  behavior pa t t e rns  taught to 
one sex may not be acceptable behaviors f o r  the o the r  
sex. Boys are taught t o  be more aggressive and domi- 
neering whi le  girls are taught to be submissive and 
unassertive. It lmag be f o r  t h i s  reason t h a t  males were 
found to be more a u t h o r i t a r i a n  in an above c i ted  s t u d y .  
The erkronrnen t  w i t h i n  the cu l tu re  t h a t  one likes is 
important  in one's response to external stimuli. If an 
i n d i v i d u a l  has grown up in s u r r o u n d i n g s  that require him 
to use phpsieal contact ( f i g h t i n g )  i n  o r d e r  t o  surv ive ,  
it i s  likely t h a t  he may choose employment t h a t  would be 
congruent  to his previous life s t y l e .  Hethering (1966) 
and Worthy (1975) have found t h a t  blacks  in profess iona l  
sport ac t iv i t e s  play many more p o s i t i o n s  t h a t  
require physical oontaat than d o  whi tes .  It was also 
ind ica ted  tha t  the blacks  have a higher  success record 
in those  pos i t ions  than  d o  whites .  
Availabflity of food sup@lies is an important  f a c t o r  
in onet s d i e t .  Certain i n g r e d i e n t s  in f o o d s  have been 
proven to cause wlediaal problems. Red dye #2 and 
saccharin have recently become prominent because of 
thew 
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w i t h  the causation of cancer. Certain 
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p r e s e r v i $ i ~ s  in foods  have been l inked  to causing hyper-  
activi*g in ahildr@n. The problem of cancer has been 
c i t ed  in connect ion with the cor re la t ing  f a c t o r  of eye 
color .  It may not  be the color  of one's eyes t h a t  is 
l inked to cancer but the type of food tha t  one consumes. 
C u l t u r e  and i t s  inf luence  on everyday l i f e  has been 
offered as an alternative hypothesis to eye co lo r  as a 
determinate of behavior. As was evidenoed from the 
discussion,  it i s  p o s s i b l e  t h a t  eye c o l o r  may have little 
effect on behavior .  
Cause Effect Rela t ionsh ip  
The study of genes and chromosomes is beset by many 
d i f f i c u l t i e s .  Genes and chromosomes ape n o t  on ly  very 
minute but when they are  stained for s t u d y  they absorb 
much of the s t a i n  making it d i f f i c u l t  to view the 
internal s t ruc tu r e .  For this reason many genetic l i n k -  
ages are unknown. However, it has been p o s t u l a t e d  t h a t  
there may be a genetie l i n k  between eye co lo r  and 
medical anomalies, 
Another possfble explanation of why eye color  may 
play a gar* af the react ion of one to t he i r  environment 
is a complex tbeary t h a t  involves the endocrine glands 
in t h e  b d y  and they are: (1) p i t u i t a r y  gland, which is 
a l s o  known as the master gland because it has the capa- 
b i l i t y  of ooatroll tng the hormonal ou tpu t  from all of 
the other  endocrine glands  in the body; (2) t hy ro id  
gland; ( 3 )  parathyroid gland; (4)  thymus gland; (5) 
gonads; (6) adrenals; and ( 7 )  the pinea l  gland. The 
endocrine glands are a l s o  called the ductless glands  
because they release t h e i r  secretions d i r ec t l y  i n t o  
t h e  bloodstream  organ, 1965). 
Each of the above l i s t e d  glands secrete a d i f f e r e n t  
hormone t h a t  circulates In the  blood and con t ro l s  t h e  
d i f f e r e n t  func t ions .  It is sometimes extremely d i f f i c u l t  
t o  i so l a t e  the  hormones from a par t i cu la r  gland because: 
(1) the same hormone may have one or more effects, (2) 
the same effect may be caused by one or more hormones, 
and (3)  hormones from one gland may i n f l u e n c e  another  
gland. 
The hypothalamus contains neurosecre t ions  t h a t  are 
hown to be important in the c o n t r o l  of metabolic ac t iv -  
ities (%%amas, 1973). It is a l s o  capable of i n f l u e n c i n g  
pituitary which in t u r n  regulates the activities of the 
other glands ( ~ a g a n  db Bavemann, 1972; Nic klanovich, 
1972). Through the hypothalamus and p i t u i t a r y  gland, 
light has a B I P B C ~  and i n d i r e c t  effect on the endocrine 
funct ions .  Thia waa proven by Benoit (1964) when he 
removed the egss from drakes and shined a light d i r e c t l y  
on to the hypothalamus. H e  also noted t h a t  light could 
reach the brain through the eye socket and skull b u t  
t h a t  t h e  long wave lengths  of l i g h t  ( r e d )  reached the 
hypothalamus d i r ec t l y  . 
Until recently nothing has been known about the 
pinea l  gland ex~ept  that  it served as a third eye in some 
pr imi t ive  animals. Wwtman and Axelrod (1968) found in 
t h e i r  experiment t ha t  the pinea l  gland may be able  to 
regulate the functioning o f  the hypothalamus and 
p i t u i t a r y  hormonal output by controlling the amount of 
light t h a t  they receive. The pinea l  gland is dependent 
on the non-visual light i n p u t  from the eye by d i r e c t  
nerve connections. Other impulses from the eye go 
directly t o  t h e  brain via t h e  o p t i c  t r a c t .  There is a l s o  
a seperate i n f e r i o r  accessory o p t i c  t r a c t  t h a t  t ransmits  
nan-visual. cues from the eyes through the hypothalamus 
to the pineal  gland, The hypothalamus receives some 
light information d i r ec t l y  frm these nerves anC 
i n d i r e c t l y  from the pineal gland. 
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Since the pineal gland produces hormones cont ingent  
upon changes in the l i g h t  i n p u t  through the eyes and t h e  
i r i s  color  determines how much light is let into the eye, 
t h e  eye co lor  my have an effect  on one's a c t i v i t y  level. 
Reiss, Davis, Sideeman, and P l i c h t a  (1963) found tha t  
when an animal was injected w i t h  a p inea l  gland extract 
the activ%tp leva2 o f  tha t  animal was greatly reduced. 
They alao dinrcatieited that  pinealectomized r a t s  had an 
increase in t h e i r  a c t i v i t y  level. 
In 1958, researchers at Yale University i d e n t i f i e d  
a hormone t h a t  was secreted d i r e c t l y  from the p i n e a l  
gland. They gave the hormone the name "Melatonin" 
because it had a blaaching effect on the skin of frogs 
This ffnal eircpla~8tiort of why eye color  ,may be -
C v.rPr 
v l o r s  IIIIy-.*l may be summarized as 
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l i g h t  is going to be allowed through the eye; the 
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hormonal product ion of the hypothalamus, p i t u i t a r y ,  and 
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h l i g h t  t h s  receive; 
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a minimal amount of light is allowed through the eye 
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sockets and akull  but the majority of the light t h a t  is 
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perceived ie carr ld  aa impulses to ei ther  the bra in ,  the 
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the pineal  gland via nerve connections. The 
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hypothalamus reaerfved l i g h t  d i r e c t l y  propor t iona te  to 
the amount OC S%,@%zS received by t h e  p inea l  gland, 
Whether t h e  amatanti ;of l i g h t  perceived i s  minimal or 
maximal, the hpgc&WWiWWs ernits impulses t h a t  i n f l u e n c e  
t h e  pituitary @and and therefore the res t  of t h e  
end ocr ine sr&m. Since the end ocr ine system c ontr 01 s 
the badly's metabolio rate, they a re  ab le  to e i ther  speed 
up or slow dann t h e  f u n c t i o n i n g  of the body. It may be 
said that 8 person w i t h  a f a s t  metabolic r a t e  would 
probably be a reactive i n d i v i d u a l ,  while a person w i t h  
a slaw W a b o l i s m  would be a self  -paced i n d i v i d u a l .  
Several altergative h~gotkeasa have been offered to 
Zntsrrpret the correlations t h a t  h&ve been Pound between 
eye co lo r  and various medical oar&ltisns, cognit ive 
a c t i v i t i e s  and a t h l e t i c  a b i l t t i e s .  These hypotheses 
have attributed the r e su l t s  t o  learning, t o  one's c u l -  
ture and h a b i t s ,  to experimenter bias,  to coincidence.  
It is a d m i t t e d l y  found tha t  the experimental designs 
u t i l i z e d  were not  the bes t .  One area of congruence to 
all of the s tudies  was t h a t  they had all used Worthy's 
basic  d e f i n i t k o n  o i  self-paced and reactive behav io r s  
and tasks.  Corre laZ;%~l  s tud ies  were most o f t e n  used 
and one cannot es l tabl i sh  a cause-ef feet r e l a t i o n s h i p  
from thts type of s t u d y .  Control groups needed to 
i d e n t i f y  t h i s  relatfanship were non-ex i s ten t .  
The hypothersee, offered a s  an e x p l a n a t i o n  t o  the 
existing correlations between eye color and behaviors 
were ei ther  genetic olr biologic i n  nature. These expla- 
n a t i o n s  are vwr p sing in that they are poss ib le .  
Many genetieista admit t h a t  they a re  s t i l l  discovering 
the Puncticns and traits of some chromosomes. Physiol -  
ogists  are a t i l l  discovering the ro les  of some cells and 
glands. 
After reviewing the l i t e r a t u r e  in the area of 
behavior and aye color, it is  t h e  a u t h o r ' s  opinion that 
eye color does play a role in one's r eac t i on  to the 
environment. However, i t  is not known whether this 
co r re l a t i on  can be explained as a genetic or physiological 
in te rac t ion .  More research comprised of more r i g i d  
designs in t h e  area of eye color i s  mandatory either t o  
prove or  disprove the theory.  
If the theory can be ascertained withou t  a doubt, it 
may lead to a complete revamping of special educa t ion  
classes in the schools. Chi ld ren  w i th  specif ic  learning 
d i s a b i l i t i e s  m y  develop to the i r  f u l l  cogn i t ive  poten- 
t i a l s  if they are taught using methods t h a t  are  conducive 
t o  t h e i r  learning.  For the dark-eyed student t h i s  may be 
instructional  material utilizing c o l o r s  w h i l e  t h e  l i g h t -  
eyed' students would receive the i r  i n s t r u c t i o n s  utilizing 
l i t t l e  color. 
In sports it was found t h a t  more dark-eyed i n d i v i -  
d u a l s  play i n  react ive pos i t ions  but  that those a th le tes  
w i t h  dark eyes wha play in self-paced positions play the 
pos i t ions  ext~eieely well and vice versa. This implies 
that  the two types of behaviors are no t  mutually exclu- 
sive and e light-eyed person with the proper instruction 
may perform a reactive t a s k  as well as a dark-eyed per-  
son. Knowing t h i s  in format ion  may promote i n d i v i d u a l i z e d  
instructions in a t h l e t i c  a c t i v i t i e s .  
If it is proven t h a t  people w i t h  a c e r t a i n  eye c o l o r  
are  more susceptible to a particular disease than people 
w i t h  other  eye oolors, the f f e l d  of medicine may gain new 
i n s i g h t  i n  the diagnosing and treatment of disease. 
Psychologists may find the informat ion of t h e  amount 
of influence t h a t  eye color  has in responses to t h e  envi- 
ronment useful in developing new teaching methods i n  the 
classrooms. In therapy, discovering how one learns b e s t  
would be h e l p f u l  in teaching new responses to old 
s t i m u l i ,  
These speaulations are q u i t e  general in con ten t  
beoause the aiiea aP eye cof  or and i t s  effect on behavior 
has no t  been researched f u l l y  enough to understand i t s  
potential. However, onoe the research has been performed 
one may find that these specula t ions  b come a rea l i ty .  ? 
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